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ABSTRACT
We describe recent developments regarding gauged N = 8 supergravity in
D = 4. Using the embedding tensor formulation we show how to classify all the
extrema of this theory with a G2 residual gauge symmetry. Our classification
contains all the vacua of the recently discovered [1] family of SO(8) gauged
maximal supergravities.
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1 Introduction
Maximal supergravities in four dimensions have been discovered at the end of the seventies
and, after more than thirty years, still have surprises in store.
The ungauged version [2] can be obtained by torus reduction of eleven dimensional super-
gravity. Many distinctive features already show up at this level. In particular the field
content is completely fixed and consists of the N = 8 supergravity multiplet alone without
any possibility of coupling matter multiplets. The theory contains 70 real scalar fields which
can be viewed as coordinates of an E7/SU(8) coset manifold. During the last decade un-
gauged maximal supergravity has received some attentions because of its special ultraviolet
behaviour. Four-graviton scattering amplitudes are finite up to four loops [3]. This could be
a hint of the fact that the theory is perturbatively finite providing the first and only instance
of an ultraviolet finite, point-like theory of quantum gravity.
In a gauged supergravity some vectors in the spectrum are used to gauge a subgroup of the
duality group E7. The gauging procedure is the only known consistent deformation of max-
imal supergravity. The main advantage of carrying out this procedure is the introduction of
a potential which enriches the dynamics in the scalar sector.
The first example of this class of maximal supergravities is the SO(8) gauged theory [4] in
which all the 28 physical vectors in the spectrum are used to gauge an SO(8) subgroup of E7.
This gauged theory can be obtained by sphere reduction of eleven dimensional supergravity
and has been intensively studied from many perspectives. Its vacuum structure has been
analysed restricting to truncated sectors [5] and, in recent years, a scan of all vacua having
cosmological constant within a certain range of values has been performed using numerical
techniques [6]. With the advent of the gauge/gravity duality the SO(8) gauged maximal
supergravity has been used to construct models of holographic superconductivity [7–10].
Furthermore the theory should be dual to the ABJM three dimensional CFT [11].
Some other gauged maximal supergravities have been constructed with a variety of gauge
groups [12, 13]. Theories with a compact gauge group usually displays AdS vacua while,
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whenever a non-compact group is gauged, it is possible to find dS critical points though
perturbatively unstable1. The quest for a stable dS vacuum in maximal supergravity has
been, so far, inconclusive2. Either this difficulty could be overcome by spotting the right
gauging or it could be a hint of a fundamental obstruction against the realisation of dS vacua
in maximal supergravity.
Gauged supergravity plays also a role in the field of flux compactifications. As described
above, some gaugings could be obtained by compactifications of higher dimensional theo-
ries. Other gaugings do not have a higher dimensional origin but show interesiting features.
it is worth understanding which higher dimensional ingredients (compactification manifold,
fluxes or extended sources such as branes or orientifold planes) need to be used to obtain a
certain gauged supergravity.
Due to the web of open questions and interesting applications it is worthwhile investigating
the vacua of gauged maximal supergravity. This could give the possibility of answering some
of those questions or provide models for holography. Our contribution takes a step in this
direction.
Despite the fact that only a handful of gaugings have been worked out explicitly, in the last
decade a gauging independent formulation of the theory [16,17] has been constructed. This
formulation makes use of an object called embedding tensor which allows to keep implicit
the gauge group and still write down a Lagrangian as we will explain in section 2.
The embedding tensor formulation also allows to use group theory as a powerful tool to un-
derstand the structure of gauged supergravity. An example of this is the new family of SO(8)
gauged supergravity discovered in [1]. Up to 2012, the SO(8) gauged theory was believed
to be unique. Using group theory it is instead easy to show that there is a one parameter
family of such theories with a different vacuum structure. This finding will be described in
section 3.
Another interesting development which gives the possibility of understanding more clearly
the vacuum structure of gauged supergravity is what we will call the “going to the origin”
(GTTO) approach [18, 19]. We will describe this approach in section 4 and show how it
allows to classify exhaustively vacua preserving a given amount of symmetry.
In section 5 we will go through the example of critical points with a residual G2 symme-
try [20] and explain the relation between our findings and the new family of SO(8) maximal
supergravity found in [1].
1dS/Minkowski critical points are perturbatively unstable whenever, expanding around those points,
some scalar excitation has a negative squared mass. For AdS critical point, a scalar field is unstable if its
mass squared is below the Breitenlohner-Freedman (BF) bound [14]. In our conventions, instability means
m2L2 = 3m2/|V | ≤ −9/4.
2However see [15] for the last interesting development in this direction.
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2 Embedding tensor formulation
The field content of N = 8 supergravity in D = 4 consists of a graviton, 8 gravitini, 28
vectors, 56 spin 1/2 fields and 70 scalar fields. In this section we briefly review the most
recent construction of the gauged theory with the aim of underlining some fundamental
concepts. We refer to [16,17] for a more detailed and explicit treatment.
The 70 scalar fields are associated to isometries of the scalar manifold E7/SU(8). This means
they are in a one to one correspondence with the 70 non compact generators of E7. We denote
the adjoint of E7 with indices α, β ∈ 133. The generators tα split in 63 compact and 70 non
compact ones.
The theory construction relies on the E7 duality group. The 28 physical vectors, which we
call electric, are supplemented with their magnetic counterpart and together they sit in the
fundamental representation of the duality group. We write them as Aµ
M withM∈ 56 of E7.
Some of these vectors are used to gauge a subgroup Gg ⊂ E7. The structure of derivatives
on a generic field is hence modified according to
Dµ = ∂µ − AµMΘMα tα . (1)
The object denoted with Θ is called embedding tensor. It selects the linear combination of
vectors which is used to gauge a particular isometry of the scalar manifold. We can look at
it as a set of charges which transform non trivially under the action of the duality group. In
particular Θ ∈ 56× 133 of E7.
In order for the gauging procedure to be consistent we need to impose some constraints on
the embedding tensor: a set of linear constraints (LC) and a set of quadratic ones (QC). The
LC are necessary to preserve invariance of the action under supersymmetry. They amount
to ask the embedding tensor to belong to a single representation of E7
Θ ∈ 912 ⊂ 56× 133 . (2)
The QC are instead necessary for the consistency of the gauging. In fact it is of fundamental
importance that the charges of a gauge theory be invariant under the action of the gauge
group. In our case the gauge group is a subgroup of the duality group. Thus we have
to impose explicitly that, while transforming under E7, the embedding tensor be invariant
under the action of Gg ⊂ E7. This could be written in the following form
ΘMα ΘN β ΩMN = 0 , (3)
where Ω is antisymmetric and invariant under the action of E7. If we define an element of
the gauge algebra with XM = ΘMα tα and the generalised structure constants with XMNP =
ΘMα [tα]NP , equation (3) implies[
XM,XN
]
= −XMNP XP , (4)
where with [tα]NP we mean that the generator is in the E7 fundamental representation.
Equation (4) implies the closure of the gauge algebra.
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Once embedding tensor components are chosen satisfying the LC and the QC, the gauge
group is fixed and a consistent Gg gauged supergravity is obtained. Nevertheless it is not
compulsory to specify the embedding tensor components. The gauged Lagrangian in [16,17]
is perfectly consistent and invariant under local supersymmetry transformations even if the
embedding tensor is left unspecified but satisfies the constraints (2, 3). In this sense the
construction is gauging independent and gives the universal Lagrangian of four dimensional
maximal supergravity.
We will give now some more detail regarding the scalar sector of the theory. Scalar fields
will be denoted with ~φ. A central role in the theory construction is played by the scalar
manifold coset representative. We will denote it with V(~φ)MM. This object is an element
of the E7 group. We can act on it with a global E7 transformation from the left (on the
index M) and with local SU(8) ⊂ E7 transformations from the right (on the index M). it
is used to couple gauge field strength (which have global indices) to fermionic degrees of
freedom (which have SU(8) local indices being SU(8) the R-symmetry group). From the
coset representative V it is possible to define a metric on the scalar manifoldM = V VT and
hence the scalar potential in its gauging independent form
V (~φ,Θ) =
1
672
(
XMNRXPQSMMPMNQMRS + 7 XMNQXPQNMMP
)
. (5)
it is worth pointing out some features of equation (5). First of all it is invariant under dual-
ity transformations in the following sense: for every transformation U acting on the scalars
through the coset representative UMN V(~φ)NN = V(~φ′)MN , there is a compensating trans-
formation on the embedding tensor U Θ = Θ′ such that V (~φ′,Θ) = V (~φ,Θ′). Furthermore
the scalar potential has in general a complicated non linear dependence on the scalar fields
while it is homogeneous and quadratic in the embedding tensor components through the
generalised structure constants. These considerations will prove useful in the next sections.
3 The new family of SO(8) gaugings
We will now specify the gauge group to be SO(8) and show how the family of SO(8) gauged
maximal supergravities comes out from group theoretical considerations. We follow the
argument of [1] in the derivation.
As explained in the previous section, the embedding tensor components should be singlets
under the gauge group. Thus we need to consider the branching of the 912 representation
of E7 duality group under SO(8)
912 = 2× (1+ 35v + 35s + 35c + 350) , (6)
where the 35 representations are related to the vector, spinor and conjugate spinor represen-
tation of SO(8). In there we find two singlets and the parameter interpolating between these
singlets span the family of SO(8) gauged theories. Despite the simplicity of this argument
it took thirty years to acknowledge that in fact there is not just a single theory but rather
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a one parameter family of different theories.
At this point we introduce a bit of notation. We consider the SL(8) symplectic frame [16]
in which the 56 vectors can be split in 28 electric ones transforming in the 28 of SL(8) and
28 magnetic transforms in the contravariant representation, the 28′. We denote vectors as
Aµ
M = {Aµ[AB], Aµ [AB]} with A,B ∈ 8 of SL(8). The SO(8) group is trivially embedded in
SL(8) and the two singlets in (6), coupled to electric and magnetic vectors respectively, can
be written as
ΘMα =
{
ΘAB
C
D, Θ
ABC
D
}
=
{
cosω δC[A δB]D, sinω δ
[A
D δ
B]C
}
. (7)
As already explained, the ω parameter interpolates between electric and magnetic compo-
nents of the embedding tensor.
For different values of ω we are in front of different maximal supergravity theories with
SO(8) gauge group. In order to show this and make contact with the next sections we con-
sider a truncation of these theories: the restriction to the G2-invariant sector [21]. As the
name suggests, the truncation contains all fields in the spectrum which are invariant under
a subgroup of the duality group, namely the G2 term in
E7 ⊃ SL(2)×G2 , (8)
while other fields are set to zero. The truncation is N = 1 supersymmetric, in the bosonic
sector there are no vectors and only one complex field z is retained. The scalar potential (5)
reduces to
V = eK
[Kzz¯ (DzW) (Dz¯W)− 3WW] , (9)
with
K = −7 ln [− 1 + 1
1 + z
+
1
1 + z¯
]
, W =
√
2
(1 + z)7
[(
1 + 7 z4
)
ei ω +
(
7 z3 + z7
)
e−i ω
]
. (10)
The plots in Figure 1 show the form of the scalar potential in terms of two real fields {φ1, φ2}
with z = −(φ1 + i φ2) for two distinct values ω = 0, pi/8.
The left plot contains six critical points divided in three different groups. At the origin there
is an N = 8 supersymmetric critical point preserving the full gauge symmetry group SO(8)
marked with a black circle. The three points marked with red squares are non supersym-
metric critical points in which the gauge group is broken from SO(8) to SO(7). Finally the
blue triangles are N = 1 supersymmetric critical points preserving a residual G2 symmetry.
Three new critical points appear in the right plot of Figure 1. Two of them fall in the same
groups which were present in the ω = 0 case. The last one, marked with an orange star,
preserves again a G2 symmetry but is non supersymmetric.
These plots show that for different values of ω the potential (9) displays a different vacuum
structure. In particular, the appearence of a new type of critical point (the non supersym-
metric G2) demonstrates that the two theories at ω = 0 and pi/8 are fundamentally different.
Even though the vacuum positions and the cosmological constant values change with ω, the
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Figure 1: Scalar potential of the new SO(8) gauged maximal supergravities in the G2 invari-
ant sector. On the left ω = 0 while on the right ω = pi/8.
normalised squared masses m2L2 of the two scalar excitations remain the same for critical
points preserving the same amount of supersymmetry and residual gauge symmetry. In
particular, for the maximally supersymmetric critical point we have m21,2L
2 = −2. For the
N = 1, G2 symmetric ones we have m21,2L2 = 4 ±
√
6. For the non supersymmetric SO(7)
invariant critical points we have m21L
2 = 6 and m22L
2 = −6/5. Finally for the N = 1, G2
symmetric one we have m21,2L
2 = 6.
There is a motivation for the fact that moving in the ω space we find different theories. To
explain that we need to go back to the definition of duality group. Such a group is defined
as the invariance group of the set of equations of motions (EOM) plus Bianchi identities
(BI) of a supergravity theory. Acting with the duality group we do change the Lagrangian
of the theory but we do not change the set of EOM plus BI thus leaving unchanged physical
observables (such that critical points). Hence it is clear that an ω transformation must sit
outside E7. Indeed they belong to the complement of E7 inside Sp(56) ⊃ E7. The symplec-
tic group Sp(56) is the electro-magnetic (E-M) duality group rotating among each others
electric and magnetic vectors [1].
4 Going to the origin
In this section we will describe an alternative approach for the study of vacuum structure in
supergravity [18]. The GTTO approach relies on the special form of extended supergravity
scalar manifolds. In particular for (half)-maximal supergravities these are always homoge-
neous coset manifold G/H. For such spaces there is no preferred point due to the transitive
action of G on the elements of the manifold. A way of rephrasing this sentence is stating
that every point of the coset can be transformed to the origin3 of the coset.
In the origin of moduli space we loose covariance w.r.t. the full E7 group and we are left
with SU(8) covariant objects. Every tensor in a given E7 representation branches in dif-
ferent SU(8) representations. In this language there are two embedding tensor components
3By definition, the origin of the coset space in a given parametrisation is identified with the point ~φ = 0.
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corresponding to the two terms in the branching 912 = 36+ 420+ c.c
ΘMα → AIJ ∈ 36 , AIJKL ∈ 420 with I, J,K, L ∈ 8 of SU(8) . (11)
The scalar potential (5) can be written in the elegant form
V = −3
8
AIJ AIJ +
1
24
AI
JKLAIJKL . (12)
Notice that the nonlinear dependence on scalar fields has disappeared leaving us with a
simple expression quadratic in the embedding tensor components.
Usually we are interested in finding critical points of (5) for a fixed gauging (thus for fixed
embedding tensor components). Suppose for a given gauging Θ0 we find a critical point
~φ = ~φ0 for which ∂~φV (
~φ0,Θ0) = 0. At the price of modifying the form of the embedding
tensor we can bring the critical point to the origin of moduli space using a field independent
E7 transformation. This means that, leaving the embedding tensor free, every critical point
could be brought to the origin.
This is exactly the philosophy of the GTTO approach. We can choose embedding tensor
components which are free to take any possible configuration invariant under a particular
subgroup Gr ⊂ E7 and compatible with the LC and QC. At the origin of moduli space we
compute the first derivative of the scalar potential. Being at the origin, the EOM are just
a set of equations quadratic in the embedding tensor components. We solve these equations
finding the set of structure constants which are compatible with having a critical point at
the origin ∂~φV (0,Θ
′
0) = 0.
In this way we are sure to find all critical points of gauged maximal supergravity which
have as residual gauge symmetry the group Gr. Clearly the critical point we have found at
the origin with the particular set of embedding tensor components Θ′0 could be related to
another critical point at the position ~φ = ~φ0 but with a simpler set of structure constants
Θ0, but it is difficult to tackle this correspondence. In other words the drawback of this
procedure is that, in principle, we have lost contact with the full gauge group Gg.
5 All G2 invariant critical points
We are now ready to show how, using the GTTO approach, it is possible to classify all critical
points preserving a certain amount of gauge symmetry. We fix the residual symmetry to be
at least G2. This means the embedding tensor components need to be constructed using G2
singlets.
In order to parametrise G2 invariant tensors, we split indices according to
I =
(
1,m
)
, (13)
where m,n, ... is the fundamental of G2. The latter is also the fundamental of SO(7) when
embedded in SO(8) in the standard way. G2 is defined as the subgroup of SO(7) that leaves
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invariant a particular 3-form ϕmnp and its dual 4-form in seven dimensions. Decomposing
the 36 and 420 of SU(8) into G2, one finds two and three singlets, respectively. We will
parametrise these with the following Ansatz:
AIJ → A11 = α1 , Amn = α2δmn , (14)
AI
JKL → A1mnp = β1ϕmnp , Am1np = β2ϕmnp , Amnpq = β3(∗ϕ)mnpq .
Plugging the most general ansatz with five complex parameters into the QC and the EOM
one gets a number of quadratic constraints on these parameters. As explained in more
detail in [18], these are amenable to an exhaustive analysis by means of algebraic geometry
techniques, in particular prime ideal decomposition, and the corresponding code singular
[22]. In this way we find the four branches of solutions listed below, all corresponding to
Anti-de Sitter space-times. In all cases we will omit an overall scaling of the solutions and
use SU(8) to set the phases of α1 and α2 equal. They are either N = 0, 1 or 8
• The first branch is N = 8 and reads
~α =
(
ei θ, ei θ
)
, ~β =
(
0, 0, 0
)
. (15)
All solutions are SO(8) invariant and preserve N = 8. They correspond to the origin
of the standard SO(8) gauging and its one-parameter generalisation. As also noted
in [1], the mass spectrum is equal for the entire branch and given by
m2L2 = −2 (×70) , (16)
• The second branch is N = 1 and is given by
~α =
(− 2 e−5i θ,√6 e−5i θ) , ~β = (0,√2/3 e−i θ, e3i θ) . (17)
For all values of these parameters, the invariance group is Gr = G2 and the mass
spectrum reads
m2L2 = (4±
√
6) (×1), 0 (×14), −1
6
(11±
√
6) (×27) . (18)
This coincides with the G2 invariant mass spectra of the standard SO(8) theory. The
latter corresponds to a particular value of θ. Other values include the one-parameter
generalisation of [1] and possibly more.
• The third branch is N = 0 and reads
~α =
(
3 e−3i θ, 3 e−3i θ
)
, ~β =
(− ei θ, ei θ,∓ei θ) . (19)
The stability group in this case is Gr = SO(7)±. The mass spectrum is independent of
the parameter and reads
m2L2 = 6 (×1), 0 (×7), −6
5
(×35), −12
5
(×27) . (20)
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The lowest of the eigenvalues violates the BF bound and hence this branch is pertru-
batively unstable. The spectrum coincides with the SO(7)± invariant mass spectra of
the standard SO(8) theory, as was later explained group theoretically in [23]. Again,
the latter corresponds to a single point in a one-dimensional parameter space of non
supersymmetric SO(7)± invariant critical points.
• The last branch is N = 0 as well and is given by
~α =
(√
3 e−3i θ,−e−3i θ) , ~β = (ei θ, 1
3
√
3 ei θ
)
. (21)
The invariance group is Gr = G2 and the mass spectrum reads
m2L2 = 6 (×2), 0 (×14), −1 (×54) . (22)
In this case all eigenvalues satisfy the BF bound, and hence this family of critical points
is non-supersymmetric and nevertheless perturbatively stable. Previously known ex-
amples of stability without supersymmetry were isolated points with smaller symmetry
groups [9, 24].
it is easy to compare the results in this section with the ones in the last section. We see
that all critical points appearing in Fig.1 with the related symmetries and mass spectra
fall in one of the listed branches. There is nontheless one fundamental difference. The ω
parameter of section 3 describes theories having the same SO(8) gauge group. Within this
one parameter family of theories we can follow the evolution of every critical point of the
potential (9). In this section we are following a different evolution. For every branch the
parameter θ describes the evolution of a critical point with fixed residual gauge symmetry
and supersymmetry along the set of different theories which are compatible with it.
We will better clarify this point by analysing more specifically a particular branch, e.g. the
SO(7)+ one. In order to show the physical changes when traversing the θ space we have
calculated the eigenvalues of the Cartan-Killing metric, from which the full gauge group
(and not only the invariance group of the critical point) can be derived. Again, this is
outlined in [18] and we employ the mapping given in [24]. For the SO(7)+ critical points a
set of 21 eigenvalues is always negative, corresponding to the preserved part of the gauge
group. The remaining 7 are either all negative, zero or positive, as a function of θ, leading
to the following gauge groups:
θ ∈ [0, arccos√1
6
(3 +
√
5)
)
: Gg = SO(7, 1),
= arccos
√
1
6
(3 +
√
5) : Gg = ISO(7, 1),
∈ ( arccos√1
6
(3 +
√
5) , pi
4
]
: Gg = SO(8). (23)
The gauge group therefore changes from compact to non-compact and viceversa, while pass-
ing trought an Ino¨nu¨-Wigner contracted point.
In this sense the GTTO approach contains the classical approach as the θ parameter de-
scribes more than just the SO(8) gauged theory critical points.
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6 Conclusion
In this contribution we have briefly described some of the latest developments in the field of
gauged maximal supergravity in four dimensions. After introducing the embedding tensor
formulation of the theory, we have explained how the new one parameter family of SO(8)
gauged supergravity has been discovered opening up a new landscape of theories. Finally
we have shown how the GTTO approach could be used as a powerful tool for the study of
vacuum structure.
Many questions are still waiting for an answer. First of all we need to understand whether
this additional parameter is present for other gaugings, how big is the parameter space of
new theories and what is the periodicity of this space. This would be of crucial importance
providing new explicit examples to study with new interesting properties for many purposes.
Related to this, it is still an open problem to identify the higher dimensional origin of the ω
phase for the SO(8) gauged theory. Finally we need to understand how far we can go using the
GTTO approach. In principle this approach allows to classify vacua with a generic residual
symmetry. Unfortunately, the smaller the residual symmetry group the more expensive in
terms of computational power is the task.
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